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ARSIMI 

This  program  has  been  an  investigation  of  the  proper  techniques 

EMPLOYED  TO  PROVIDE  STABLE,  PREDICTABLE  PERFORMANCE  GM  TUBES  FOR  USE 
AS  THE  HIGH  RANGE  DETECTOR  OF  THE  AN/VDR-1.  THE  TECHNIQUES  INCLUDE 

SPECIAL  CATHODE  AND  ANODE  SURFACE  TREATMENT  TO  PREVENT  SECONDARY 
EMISSIONS  AND  RESULTANT  SPURIOUS  COUNTS  (INSTABILITY);  DESIGN  AND 
BUILDING  OF  NEW  PUMPING  SYSTEMS  FIXTURES  ETC.  TO  HANDLE  GREATER 
THAN  1000  TUBES/MONTH  OF  ONE  TYPE. 

The  tests  prove  the  units  provided  to  be  completely  stable  and 

MEET  THE  REQUIREMENTS  OF  THE  SPEC  I F I CAT  ION . 

A NEW  SPECIFICATION  HAS  BEEN  PROVIDED  INCORPORATING  ALL  THE 
FINDINGS  OF  THIS  PROGRAM. 


PURPOSE 


This  is  the  final  report  under  contract  number  DAAB05-72-C-5869 

PRODUCTION  ENGINEERING  MEASURE  FOR  HIGH  RANGE  GEIGER  MUELLER  TUBES. 
(The  PURPOSE  OF  this  program  was  to  develop  a PRODUCTION  OF  METHOD 
AND  ASSOCIATED  DOCUMENTATION  FOR  THE  HIGH  RANGE  GM  DETECTOR  USED  IN 

the  AN/VDR-1  (A)  Radiac  equipments.  This  tube  is  a specialized 

VERSION  OF  COMMERCIALLY  AVAILABLE  6M  DETECTORS.  A MAJOR  OBJECTIVE 
WAS  TO  PROVIDE  LONG  TERM  STABILITY  >101 0 PULSES  AND  RELIABLE 
PERFORMANCE. 

During  this  reporting  period^  effort  has  been  expended  on  the 

FOLLOWING  AREAS: 

A.  Testing  and  shipment  of  the  pilot  run  units 

B.  Review  of  all  test  data 

C.  Interface  with  Nucor  and  Ft. Monmouth  group  concerning 
operating  in  the  AN/VDR-1  equipment 

D.  Final  reports. 
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2. 


INTRODUCTION 

Geiger  mueller  tube  development  with  the  advent  of  halogen 

ADMIXTURES  HAS  LED  TO  BETTER  COUNTING  CHARACTERISTICS  AND  MORE 
FLEXIBLE  DESIGN  PERMITTING  GREATER  ADAPTABILITY  TO  MORE  DIVERSE 

applications.  Their  properties  and  characteristics  are  not  the 

SAME  AS  ORGANIC  QUENCHED  COUNTERS.  THE  LIFE  OF  ORGANIC  QUENCHED 
COUNTERS  IS  LIMITED  BEACUSE  THE  MECHANISM  OF  QUENCHING  REQUIRES 
THE  CHEMICAL  DESTRUCTION  - PREDISSOCIATION  OF  A DEFINITE  NUMBER 
OF  ORGANIC  MOLECULES  PER  PULSE  WHICH  DO  NOT  NECCESSARILY  RECOMBINE 
INTO  THE  ORIGINAL  CONSTITUENTS.  THE  LIFE  OF  THE  HALOGEN  QUENCHED 

COUNTER  IS  NOT  LIMITED  BY  QUENCHING  SINCE  THE  QUENCHING  MECHANISM 
INVOLVES  A CHANGE  IN  THE  HALOGEN  FROM  MOLECULAR  TO  ATOMIC  STATE 
AND  BACK  TO  MOLECULAR  STATE.  FOR  THIS  REASON  THE  LIFE  OF  A HALOGEN 
COUNTER  IS  NOT  AFFECTED  BY  USE. 

A NEW  R&D  PROGRAM  TO  IMPROVE  THE  An/VdR-1  H I RAC  TUBE  HAS  BEEN 
INSTITUTED.  THE  MAIN  OBJECTIVE  IS  TO  SUPPLY  A DETECTOR  TO  MEET  ALL 
AN/VDR-1  REQUIREMENTS  WITH  A LIFE  OF  1QU  COUNTS.  THE  WORK  DONE 
IN  THE  INITIAL  PHASE  INCLUDED  DEVELOPMENT  AND  ANALYSIS  OF  PASSIVE 
COATING  FOR  POTENTIAL  USE  ON  THE  CATHODE  AND  ANODE  SURFACES.  It 
ALSO  INCLUDED  ENVIRONMENTAL  TESTING  OF  THESE  PROTOTYPE  COATINGS 
AND  INITIAL  ELECTRICAL  TESTING  TO  DETERMINE  THEIR  COMPATIBILITY 
WITH  CONTRACT  REQUIREMENTS. 


The  fabircation  of  the  high  range  detector  used  in  the  AN/VDR-1 

EQUIPMENT  PRESENTS  SEVERAL  DIFFICULT  AREAS  OF  TUB  PARAMETERS  TO  BE 
MAINTAINED  AND  STABILIZED  OVER  THE  TUBE  LIFE.  MOST  CRITICAL  OF  THE 
DETECTOR  OPERATING  PARAMETERS  AS  REQUIRED  BY  AN/VDR-1  OPERATING 


CHARACTERISTICS  ARE: 

1.  Starting  voltage 


2.  Gamma  Sensitivity 


3,  Minimum  Pulse  Amplitude  4,  Reproducibility  from  tube  to  tube 
5.  Tube  Operating  Life 
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Included  in  the  preparation  of  the  fabrication  procedure 
IS  consideration  and  analysis  of  the  physical  properties  and 
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material  characteristics  that  control  each  of  the  critical 

PARAMETERS  AND  , IN  ADDITION,  THE  REMAINING  TUBE  PARAMETERS 

required  by  specification,  Effectively,  the  control  of  critical 

PARAMETERS  REDUCES  TO  THE  TASK  OF  EVOLVING  THE  APPROPRIATE 
TECHNIQUES  FOR: 

A.  Eliminating  the  probability  of  secondary  emission  of 

ELECTRONS  FROM  THE  CATHODE  SURFACE. 

B.  The  introduction  of  proper  gas  fill  mixture  to  exhibit 

THE  REQUIRED  "STARTING  VOLTAGE  AND  TUBE  DEAD  TIME" 

C.  Obtaining  a rugged  high  reliability  tube  seal. 

The  main  emphasis  of  the  work  done  during  this  reporting 

PERIOD  WAS  THE  BUILDING  AND  TESTING  OF  THE  PILOT  RUN  GROUP  OF 
DETECTORS,  AND  ANALYSIS  OF  THE  ENTIRE  PROGRAM. 

MICE 

The  final  design  of  the  high  range  GM  counter  for  use  in 

THE  AN/VDR-1  RADI  AC  SET  IS  SHOWN  IN  FIGURE  1 AND  2.  THE  DETECTOR 
CONSISTS  OF  THE  FOLLOWING  COMPONENTS: 

1.  AA6  S.S.  Anode 

2.  Glass  Bead 

3.  Ground  Spring 
A.  Anode  Clip 

5.  Fosterite  Insulators 

6.  AA6  S.S.  Cathode 

7.  Glass  Tubulation 

8.  Bromine 

9.  Helium  Neon  Admixture 
10.  Powdered  Glass 


*-  ■-  - - »■  * 


«>.vV-V 


Component  drawings  are  shown  in  figures  3 thru  in 
The  correct  choice  of  material  is  extremely  important  in 
fabricating  the  miniture  detector  required  in  the  An/VDR-1. 

One  must  have  materials  that  have  matching  coefficients  of 

expansion.  They  must  be  able  to  be  nonreactive  to  the  halogens 
gas  and  must  be  capable  of  being  processed  at  temperatures 
of  approximately  400°C. 

The  cathode  of  drawn  446  stainless  steel  (72%  Fe, 28%  Cr) 

IS  USED  BECAUSE  OF  ITS  NON  REACTION  TO  THE  HALOGEN  GAS.  THE 
DRAWN  SURFACE  REDUCES  AREAS  OF  IMPERFECTIONS  ONE  FINDS  IN 
MACHINED  SURFACES.  WITHOUT  HONING  AND  POLISHING  IT  IS  IMPOSSIBLE 
TO  OBTAIN  A MACHINED  SURFACE  WITH  THE  SAME  FINISH  AS  A DRAWN 
SURFACE. 

ON  INCOMING  INSPECTION  THE  CERTIFICATE  OF  ANALYSIS  IS 
VERIFIED.,  THE  MATERIAL  IS  DETERMINED  IF  IT  IS  HIGHLY  MAGNETIC 
AND  A SAMPLE  IS  FIRED  WITH  THE  POWDERED  GLASS  TO  INSURE  PROPER 
WETTING. 

The  fosterite  ceramic  is  chosen  because  it  is  opaque 

MAKING  POSSIBLE  THE  ELIMINATION  OF  PHOTOSENSITIVITY.  FOSTERITE 
HAS  A HIGH  DIELECTRIC  STRENGTH  AND  A MATCHING  COEFFICIENT  OF 

EXPANSION  TO  THE  446  STAINLESS  STEEL.  TABLE  1 GIVES  INFORMATION 
CONCERNING  THE  FOSTERITE  INSULATOR. 

The  POWDERED  GLASS  IS  CHOSEN  BECAUSE  IT  FORMS  AN  INERT 
HIGH  TEMPERATURE  SEAL  BETWEEN  THE  CERAMIC  TO  METAL  AND  CERAMIC 
TO  GLASS  AND  IT  LENDS  ITSELF  TO  MASS  PRODUCTION. 

The  most  serious  cause  of  detector  instability  is  spurious 
counts.  The  most  obvious  cause  of  spurious  counts  in  a completely 
opaque  counter  is  the  secondary  emission  of  electrons  at  the  cathode 
surface  by  impact  of  positive  ions, 


The  work  function  of  the  cathode  as  well  as  the  ionization 

POTENTIALS  OF  THE  HALOGEN  ADMIXTURE  DETERMINE  THE  PROBABILITY  OF 
THIS  PROCESS. 

An  excellent  way  to  create  a high  work  function  is  to 

OXIDIZE  THE  CATHODE  SURFACE,  WHICH  ALSO  MAKES  THE  CATHODE  SURFACE 
CHEMICALLY  INERT  TO  HALOGENS.  HALOGEN  ITSELF  FURTHER  INCREASES 
THE  WORK  FUNCTION. 

Table  2 and  3 show  the  photoelectric  work  function  of 

VARIOUS  MATERIALS  AND  THE  IONIZATION  POTENTIALS  FOR  VARIOUS  GASES 
INCLUDING  THE  NOBLE  GASES  AMD  HALOGENS. 

The  fosterite  insulators  used  on  the  high  range  GM  counter 
(HI RAC)  TUBE  are  not  the  design  originally  chosen.  It  was  determined 

THAT  THE  DISCONTINUITY  IN  THE  ELECTRIC  FIELD  CUASED  BY  THE  ANODE 
TERMINATION  WAS  A CAUSE  OF  SHORTER  TUBE  LIFE.  NEW  INSULATORS  WERE 
CONSTRUCTED  AS  SHOWN  ON  PG . 13. 


IAHL1 

PROPERTIES,  qf  FQSTER1TJLCERM1IC 


Water  absorption 
Density 

» 

Specific  gravity 
Color 

Thermal  conductivity 
Hardness 

Flexural  strength 
Compressive  strength 
Tensile  strength 

Coefficient  of  thermal  expansion 
Resistance  to  impact 
Softening  temperature 

Safe  operating  temperature 
Dielectric  strength 
Te  value 


0.0  -C.02% 

.101  lbs/ in3 
2.8 
Cream 

.009  GMj  cal  X cm  thick 

CM^X  SEC  X DEG  C 
7.5  MOHS 
20000  lbs/ in2 
85000  lbs/ in2 
25000  lbs/in2 
9.9  x 10  6/°C  (20°-650°C) 
5.1  IN  LBS 


1850°F 

250  volts/mil 

m 

6,4 

.0011 


Dielectric  constant  at  1 MHz 
Power  factor  at  1 MHz 
Loss  factor  a 2MHz 


.007 


TABLE  3 


PHOTOELECTRIC  WORK  FUNCTIONS 


Surface 

. — ■ — 

Work 

FuijjCTjON 

Effect  of  Gas  on 
Function 

♦ , Work 

Increase  o 

Decrease  0 

AG 

A. 7-3. 85 

Ha 

O2,  N*  , CN 

Au 

A, 73 

H 

Air 

C 

A,  82 

HH3C02/  AlR' 

Cu 

4. 5-4.1 

Cs  . 

19 

Fe 

A, 7-4,2 

02  J H2 

Pt 

6. 3-4, 4 

H2JH3 

O2 

Zn 

3, 7-3, 3 

- 

Cr 

4.37 

MATKRIAL 


IUNN  CIZC 

<*39-02  / 


SI 


LND,  INC. 


nut  t/«4  | »*• 

dm  * I ujo  LAWSON  BLVD 


UN  LAWSON  BLVD.  0CIANS1DC.  N.  V. 


(CALS  TtTLZ 

n|  7/4/0-/  S'*?  7" 7/#  2?  S 

J TUII  TTP « 

7/4/0 


mawm  my 


DESCRIPTION 


tooe cu/id  i pp/ . ... 
£90  £/£^  70  /0<fZ(/0£ 
/9 4 £//'<$  Tr’dr 
/ 5 ££>£££>  99.- 


DATEfAPPD 


% P 


® , 

tjOOZ 

04£ &/4  r/ssev 


T 7<?/S 

000"  a /ore:  4wY 

0!/0£4/TV 

1 rtc/sr&£  7M. 'S 

— 1 - Z?M ?eC7/0*S. 


) i<?e>3 

000" 


u 


• 7V/^  0/7*'.  P7Pjr  J0£ 


Z/00^  <^9499 


TOl  UNIIH 
OTN«HWIB« 
• PCC'PtCO 


mo  LAWSON  OLVO, 


UVD,  INC. 


OCftANSIOflL  «•  *. 


APW'B  •▼ 


- 0S 9 


DESCRIPTION 


as? /£{/*»>) 


.1. 

J 


JZ**e  ^j£s  ijpn  LMDo  ENC< 


rot  unlcii 
OTNinwiea 


ntc  * i/m  I w 111 

?n«  * £°*  I 4250  UWSOM  BLV9. 


CwAusica.  «.  V. 


TITUS 


TUM  TTP» 


-r<y<5’/y(/4 


» r u J 

ajfo  1 


**^£1(5*8 


• 17.  v 


••;'.••■  -v  . 


A/07  AM*  W/r/S  :#*/  Z?/J. 
^//U  /MS£'£rZZ>) 


Ti_ 

,/jSS 

r 


irs 

Sf7£>.  &y. ' am/,^7  , *-£'/7 

zfT.  <L  J?SS7J7/JS/C'/JS  ^7 


\ 

T -y 

yap 


.{7-£~ 4- 


tow  unlih 

OTHidWIti 


.&/Z&  r//^^ -•  oy?j£\  ••*«•"•• 


mo  LAWSON  BLVO. 


LND,  INC. 


0C1ANSI00.  ft,  T. 


TABLE  4 


Vacuum  firing 


02  Firing 
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Visual  inspection  has  shown  that  spurious  counts  or 

INSTABILITIES  OCCUR  IN  SPECIFIC  SECTIONS  AND  NOT  OVER  THE  ENTIRE 
SURFACE;  DEMONSTRATING  THAT  INSTABILITY  IS  A FUNCTION  OF  CATHODE 
SURFACE, 

The  control  of  the  surface  employes  the  LND  process  of  passivating 

THE  CATHODE. 

After  mechanical  inspection  the  cathodes  and  anodes  are  vacuum 

FIRED  AT  A TEMPERATURE  OF  300°C  TO  COMPLETELY  CLEAN  ALL  COMPONENTS. 

These  units  were  vacuum  outgasses  and  oxygen  fired  according  to 

THE  SCHEDULE  SHOWN  IN  TABLE  i\  . 

LND  HAS  USED  THE  SCANNING  ELECTRON  MICROSCOPE  AND  ION  ANALYZER 
TO  DETERMINE  IF  POSSIBLE  , THE  OPTIMUM  CHROME  OXIDE  COATING;  EXAMINE 
THE  SURFACE  CONDITIONS  AND  DETERMINE  THE  IMPURITIES  PRESENT  INCLUDING 


0 


w 


THEIR  RELATIVE  CONCENTRATIONS. 

A SOLID  SURFACE  IS  CHARACTERIZED  IN  THE  SAME  WAY  AS  ANY  SOLID 
OR  MOLECULE;  WE  MUST  DETERMINE  THE  CHEMICAL  IDENTITY  OF  THE  ATOMS 
PRESENT.  This  characterization  of  the  static  surface  is  THE  FIRST 

STEP  IN  UNDERSTANDING  THE  DYNAMICS  OF  THE  INTERACTION  OF  THE  SURFACE 
WITH  EXTERNAL  SYSTEMS. 

Since  all  surface  measurement  techniques  record  the  response 

OF  THE  SURFACE  TO  AN  EXTERNAL  PROBE;  EXPERIMENTAL  STUDIES  REDUCE  TO 
RELIABLY  MEASURING  CERTAIN  RESPONSE  FUNCTIONS  CHARACTERISTIC  OF  THE 
SYSTEM  INVOLVED  AND  THE  OBSERVATION  BEING  MADE,  THE  PROBLEMS 
ENCOUNTERED  IN  SURFACE  SCIENCE  ARE  SO  COMPLEX  THAT  IT  IS  OFTEN 
EXTREMELY  DIFFICULT  TO  INTERPRET  THESE  RESULTS  SIMPLY,  ONLY 

THROUGH  THE  CLOSE  INTERPLAY  OF  THEORY  AND  EXPERIMENT  CAN  ONE  HOPE 
TO  GAIN  A MICROSCOPIC  UNDERSTANDING  OF  SURFACE  SYSTEMS. 
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The  concern  of  LND  in  surface  physics  is  not  primarily  the  clean 

SURFACE  BUT  RATHER  A CLASS  OF  PHENOMENA  THAT  DEPEND  ON  THE  INTER- 
ACTION OF  A SOLID  SURFACE  WITH  FOREIGN  ATOMS  OR  MOLECULES.  EXAMPLES 
ARE  CHEMISORPTION,  EPITAXIAL  GROWTH,OXIDATION  AND  HETEROGENEOUS 
CATALYSIS.  ALL  OF  THESE  INVOLVE  THE  FORMATION  OF  OVERLAYERS, 

WHICH  TYPICALLY  DIFFER  IN  BOTH  COMPOSITION  AND  STRUCTURE  FROM  THE 
INITIAL  SUBSTRATE  SURFACE. 

The  direct  observation  of  surface  geometry  became  feasible  with 

THE  DEVELOPMENT  OF  FI  ELD- ION  MICROSCOPY,  In  THIS  TECHNIQUE  THE 
SAMPLE  IS  PLACED  OPPOSITE  A FLUORESCENT  SCREEN  IN  AN  IMAGING  GAS  SUCH 

O 

AS  HELIUM  AND  A VERY  LARGE  ELECTRIC  FIELD,  ABOUT  3-6  V/A,  IS  APPLIED. 

Helium  atoms  in  the  vicinity  of  the  crystal  tip  become  ionized  when 

THEY  PASS’ THROUGH  A REGION  OF  HIGH  LOCAL  FIELD  ABOVE  A PROTRUDING 
SURFACE  ATOM,  AND  THE  IONS  ARE  THEN  REPELLED  BY  THE  POSITIVE  TIP 
AND  PROJECTED  READ  I ALLY  TOWARDS  THE  SCREEN  TO  PRODUCE  A MICROGRAPH. 

BY  COOLING  THE  TIP  WITH  LIQUID  HELIUM,  A RESOLUTION  OF  A FEW  ANGSTROMS 
CAN  BE  ACHIEVED  SO  THAT  INDIVIDUAL  SURFACE  ATOMS  CAN  BE  IMAGED. 

Above  certain  value,  which  depends  on  the  substrate  material, 

THE  ELECTRIC  FIELD  WILL  CAUSE  FIELD  EVAPORATION,  THE  IONIZATION 
AND  REMOVAL  OF  SURFACE  ATOMS  FROM  THE  CRYSTAL  ITSELF.  THIS  PHENOMENON 
IS  USED  ROUTINELY  TO  PREPARE  CLEAN  SURFACES,  AND  IT  ALLOWS  THE  GRADUAL 
EXAMINATION,  LAYER  BY  LAYER  OF  THE  REGIONS  BELOW  THE  ORIGINAL  SURFACE. 

Although  the  occurence  of  field  evaporation  thus  may  be  put  to  great 

ADVANTAGE,  IT  ALSO  LIMITS  THE  APPLICABILITY  OF  THIS  TECHNIQUE,  TO  THOSE 
MATERIALS  FOR  WHICH  THE  IMAGING  FIELD  IS  SMALLER  THAN  THE  EVAPORATION 
FIELD. 
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A Cameca  ion  analyzer  model  IMS  300  was  used.  This  provided 

QUANTITATIVE  INFORMATION  CONCERNING  THE  COMPOSITION  OF  THE  SPUTTERED 
MATERIAL.  By  CONTINOUSLY  BOMBARDING  THE  SAMPLE  AND  SIMULTANEOUSLY 
MONITORING  THE  SECONDARY  ION  CURRENT  OF  A PRESELECTED  MASS,  THE 
COMPOSITION  AS  A FUNCTION  OF  DEPTH  WAS  DETERMINED  AND  A DEPTH 
PROFILE  WAS  OBTAINED.  THE  FINGERPRINT  SPECTRA  (CHARACTERISTIC 
ABUNDANCIES  OF  CLUSTER  AND  MOLECULAR  IONS  WERE  USED  FOR  A COMPOUND 
DISTRIBUTION). 

A SAMPLE  OF  ION  ANALYZER  SPECTRA  OBTAINED  IS  SHOWN  IN  FIGURE  H 
A TABULATION  OF  THE  ELEMENTS  FOUND  IN  THE  ANALYSIS  IS  GIVEN  ON  THE 

spectra.  Table  5 is  a list  of  mass  numbers  and  their  corresponding 

ELEMENTS. 

A thorough  analysis  of  the  mass  spectrums  obtained  showed  the 
presence  of  CrO,  Cr30,  Cr302«  and  Cr303  therefore  the  oxygen  firing 
PROCESS  developed  by  LND  is  performing  its  function. 

The  components  in  lots  not  pre-cleaned  showed  greater  amounts 
of  impurities  than  the  group  in  lots  pre-cleaned  at  LND. 

To  further  reduce  the  possibility  of  a re-occurence  of  this 

PROBLEM  LND  IS  PRE-CLEANING  ALL  TUBE  COMPONENTS  ACCORDING  TO  THE 

schedule  in  appendix  A-l. 
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Secondary  ION  Current  XiO~14amps 


After  the  cathode  and  anode  passiviation  the  detectors 

ARE  THEN  ASSEMBLED  USING  THE  FOSTERITE  CERAMICS  AND  POWDERED 


GLASS,  The  assembly  procedure  is  as  follows: 

1.  Clean  all  components  per  LND  spec,M-900260  (appendix) 

2.  Place  anode  in  insulator  and  place  assembly  in  cathode. 

3.  Paint  powdered  glass  frit  over  anode  insulator  joint 

AND  INSULATOR  CATHODE  JOINT. 

4.  Place  in  firing  fixture  and  fire  in  air  oven  at  a temperature 
of  600°C 

5.  After  first  firing  place  rear  insulator  into  tubulation 

AND  PLACE  ASSEMBLY  INTO  CATHODE. 

6.  Repeat  steps  3 and  4 

This  proceedure  is  shown  visually  in  fig.  14  . The  flow 

chart  of  manufacturing  processes, 

Several  problems  were  encountered  in  the  manufacturing  of  a GM 
COUNTER  FOR  THE  AN/VDR-1: 

1.  Glass  Firing  Fixtures 

2.  Leak  Checking  Fixtures 

3.  Pumping  & Baking  Systems 

Photograph  12  and  13  show  the  detector  assembly  including 

THE  PAINTING  OF  POWDERED  GLASS  AND  THE  FIRING  FIXTURE  USED,  In  ORDER 

TO  FACILITATE  VOLUME  PRODUCTION,  LfD  DESIGNED  AND  MANUFACTURED 
FIXTURES  AS  SHOWN  IN  PHOTOGRAPH  13  TO  HOLD  50  UNITS. 
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The  assembled  units  are  then  leak  checked  on  a helium 
MASS  SPECTROMETER  ACCORDING  TO  LND  SPECIFICATION  M500140B 
USING  A SPECIAL  FIXTURE  AS  SHOWN  IN  FIGURE  16  ALLOWING  MULTIPLE 
LEAK  CHECKING  OF  THE  DETECTORS.  USING  LND  FIXTURE  4130 
FIGURE  17  WE  CAN  NOW  LEAK  CHECK  10  UNITS  IN  A LITTLE  MORE  TIME 
THAN  IT  PREVIOUSLY  TOOK  TO  LEAK  CHECK  ONE  UNIT.  AFTER  LEAK 
CHECKING  THE  ASSEMBLED  UNITS  ARE  THEN  STORED  IN  A HEATED  DESSICATED 

CABINET  UNTIL  INSTALLED  ON  THE  PUMP. 

WE  HAVE  FOUND  THAT  AFTER  ASSEMBLY  A DETECTOR  MUST  BE  KEPT 

IN  A DESSICATED  ATMOSPHERE  PRIOR  TO  PUMPING  OTHERWISE  THE 
INTERNAL  SURFACES  CHANGE  CHARACTERISTICS. 
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The  units  are  then  sealed  onto  the  manifold  and  processed 


ACCORDING  TO  THE  SCHEDULE  SHOWN  BELOW: 


1.  Fuse  on  tubes  and  evacuate  the  manifold  with  rough  pump. 

After  5 minutes  check  vacuum  bv  sparking. 

2.  Place  liquid  nitrogen  around  cold  trap  and  switch  manifold 
to  high  vacuum  pumping  system. 

3.  When  vacuum  is  less  than  2 x 10'4  TORR  shift  oven 

SHIELD  OVER  THE  TUBES  AND  INCREASE  THE  TEMPERATURE  SLOWLY 

(greater  than  30  minutes)  until  A00°C.  Leave  at  this 

TEMPERATURE  FOR  16  HOURS  AND  UNTIL  A VACUUM  OF  5 X 10~? 

TORR  ON  THE  MANIFOLD  IS  REACHED.  WHEN  PROPER  VACUUM  IS 
REACHED,  LET  OVEN  COOL  TO  185°C  ADMIT  10  TORR  CL2  “ SOAK 
FOR  ONE  HOUR  AND  LET  OVEN  COOL  TO  ROOM  TEMPERATURE  AND  REMOVE 
OVEN  COVER. 

4.  Pump  out  Cl2  for  10  minutes  (<10'7  TORR). 

5.  Spark  the  cathode  of  each  tube  for  a period  of  one  minute. 

6.  Pump  out  for  10  minutes  (<10“7  TORR). 

7.  Place  3 Torr  Cl2  in  detector,  Cl2  spark  anode  and  cathode 

ONE  MINUTE  EACH, 

8.  Pump  out  for  10  minutes  (<10'7  TORR), 

9.  Close  high  vacujm  pumping  system  and  open  valve  to  filling 

MANIFOLD. 

10.  Admit  7 Torr  bromine  into  mixing  bottle.  Add  helium  admixture 
TO  MIXING  BOTTLE  TO  A PRESSURE  OF  500  TORR . LET  BROMINE  AND 
HELIUM  ADMIXTURE  SATURATE  FOR  5 MINUTES  IN  MIXING  BOTTLE, 

11.  Let  gas  mixture  into  tube  manifold  until  pressure  in  detectors 
is  175  TORR, 
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12.  After  5 minutes  monitor  starting  voltage.  Adjust 
STARTING  VOLTAGE  TO  BE  410  VOLTS 

13.  Monitor  and  record  starting  voltage  and  end  of 

PLATEAU  POINT  OF  EACH  TUBE. 

14.  After  5 minutes  melt  off  two  tubes  and  give  to  testing 

FOR  EVALUATION. 
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The  electronic  configurations  of  the  halogens  are 
listed  in  Table  6.  Each  of  the  halogens  differs  from 
the  inert  gas  that  follows  it  in  the  periodic  system  by 
having  one  less  electron  in  its  balance  shell.  These 

ELEMENTS  ARE  ALL  NONMETALS,  SINCE  THE  ATOMS  HAVE  A STRONG 
TENDENCY  TO  ATTAIN  THE  STABLE  INERT  GAS  CONFIGURATION  (AND 
AN  OXIDATION  STATE  OF  -1)  EITHER  BY  TAKING  UP  AN  ELECTRON 
FROM  AN  ATOM  OF  A METALLIC  ELEMENT  TO  FORM  A SINGLY  CHARGED 
NEGATIVE  ION,  OR  BY  SHARING  ELECTRONS  WITH  ELEMENTS  WHOSE 
TENDENCY  TO  RELEASE  ELECTRONS  IS  NOT  SUFFICIENTLY  GREAT  TO 
ALLOW  ELECTRON  TRANSFER. 

Under  ordinary  conditions  all  the  halogens  form  diatonic 

MOLECULES.  THIS  IS  A RESULT  OF  THE  FACT  THAT  BY  SHARING  A 
SINGLE  PAIR  OF  ELECTRONS  BETWEEN  THEM  TWO  HALOGEN  ATOMS 
ATTAIN  STABLE  CONFIGURATIONS  OF  MINIMUM  ENERGY, 

The  HALOGENS  HAVE  VERY  LITTLE  TENDENCY  TO  LOSE  ELECTRONS 
TO  FORM  POSITIVE  IONS.  THIS  RELUCTANCE  TO  FORM  POSITIVE  IONS 
IS  UNDERSTANDABLE  IN  TERMS  OF  THE  HIGH  IONIZATION  POTENTIALS 
OF  THESE  ELEMENTS  AS  SHOWN  IN  TABLE  7 . THE  I NTERMOLECULAR 
FORCES  IN  THE  FREE  HALOGENS  ARE  VERY  WEAK  AND  EACH  SUBSTANCE 
IS  HIGHLY  VOLATILE. 
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At  room  TEMPERATURE  CHLORINE  is  a GREENISH  yellow  gas, 
BROMINE  IS  a DEEP  BROWNISH  LIQUID  WHICH  READILY  VOLATILIZES  TO 
A REDDISH  BROWN  VAPOR.  EROMINE  IS  ONE  OF  ONLY  TWO  ELEMENTS  WHICH 
ARE  LIQUID  AT  ROOM  TEMPERATURE, 
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Chlorine  reacts  directly  with  all  the  metals  for  form  metals 


halides.  Bromine  which  has  less  attraction  for  electrons  than 

CHLORINE  IS  LESS  REACTIVE  AND  FORMS  METAL  HALIDES  WITH  ALL  EXCEPT 
THE  VERY  NOBLE  (UNREACTIVE)  METALS. 

Since  the  electron  affinities  of  the  halogens  decrease  in 
THE  ORDER  F>Cl>Br>L  CHLORINE  HAS  LESS  TENDENCY  THAN  BROMINE  TO 
BE  COVALENT.  THE  OXIDIZING  STRENGTH  OF  THE  HALOGEN  DECREASES  IN  THE 
ORDER  F2>Cl2>Br2  >I2  IT  IS  NOT  SUPRISING  THAT  THE  REACTION  OF  CHLORINE 
WITH  METAL  CAPABLE  OF  ASSUMING  MORE  THAN  ONE  OXIDATION  STATE  RESULTS 
IN  THE  FORMATION  OF  A CHLORINE  CORRESPONDING  TO  ONE  OF  THE  HIGHER 
OXIDATION  STATES. 

There  are  three  quadrants  to  the  pumping  manifold.  Each 

QUADRANT  HAS  THE  CAPABILITY  OF  HANDLING  12  COUNTERS. 

IT  HAS  BEEN  DETERMINED  THAT  THERE  IS  ABSOLUTELY  NO  CORRELATION 
BETWEEN  POSITION  ON  THE  MANIFOLD  AND  STARTING  VOLTAGE  OR  TUBE 
CHARACTERISTIC. 
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STUDY  OF  VACUUM  PUMPING  SYSTEMS 

A MAJOR  PORTION  OF  THE  PROCESSING  OF  GM  COUNTERS 
IS  THE  PUMPING  AND  OUTGASING  WHICH  IS  ACCOMPLISHED  ON 
A VACUUM  SYSTEM, 

Vacuum  systems  fall  into  two  categories.  A static 

SYSTEM  MUST  BE  CONSTRUCTED  SO  THAT  NO  LEAKAGE  OR  OUT- 
GASING 1 WILL  TAKE  PLACE  AND  SO  THAT  THE  VACUUM  CAN  BE 
MAINTAINED  WITHOUT  FURTHER  PUMPING,  ONCE  IT  HAS  BEEN 

PRODUCED,  Such  systems  may  remain  connected  to  the  pumps 

OR  THEY  MAY  BE  SEALED  AND  REMOVED  FROM  THE  EVACUATION 

system.  Kinetic  or  dynamic  systems  on  the  other  hand 

ARE  OF  SUCH  A NATURE  THAT  THE  EVENTUAL  VACUUM  ACHIEVED 
REPRESENTS  AN  EQUILIBRIUM  CONDITION  BETWEEN  THE  PUMPING 
SPEED  AND  THE  LEAKAGE  AND  OUTGASING  RATE. 

Vacuum  systems  always  involve  the  flow  of  mass  into 

THEM  THROUGH  LEAKS  OR  OUT  OF  THEM  THROUGH  PUMPS.  As  IN 
MOST  FLOW  SITUATIONS  THE  PROBLEM  MAY  BE  REPRESENTED  BY 
THREE  FUNCTIONS:  A FLOW  FUNCTION  (iN  THIS  CASE,  A MASS 
FLOW  RATE);  THE  POTENTIAL  DRIVING  THE  FLOW  (WHICH  FOR 
A VCAUUM  SYSTEM  IS  THE  PRESSURE);  AND  THE  RESISTANCE  TO 
THE  FLOW,  THE  RELATION  BETWEEN  THESE  THREE  FUNCTIONS  CAN 
BE  EXPRESSED  AS 

AP=ZQ 

MAKE  AP  REPRESENT  THE  PRESSURE  DROP  CAUSING  THE  FLOW,  Q1 
REPRESENT  THE  FLOW  RATE  AND  Z IS  CALLED  THE  IMPEDANCE,  OR 
RESISTANCE  OF  THE  VACUUM  SYSTEM, 

1 Release  of  gas  by  materials  Into  the  system. 


The  impedance  may  depend  on  both  Q and  ap,  The  term  con- 
ductance is  more  often  used  in  vacuum  work  and  is  defined 

BY 

C=l/Z 

The  system  used  in  the  processing  of  GM  counters  is  a 

KINETIC  OR  DYNAMIC  SYSTEM.  THE  THREE  DIFFERENT  TYPES 
CONSIDERED  WERE: 

1.  Turbo  Molecular  Pump 

2.  Sputter  Ion  Pump 

3.  Oil  Diffusion  Pump 


Refer  to  Figure  4 for  illustration,  The  turbo-mole- 
cular PUMP  AND  ITS  ATTACHED  VACUUM  SYSTEM,  IF  ANY,  ARE 
ROUGH  PUMPED  TO  THE  LOW  TORR  RANGE  BY  A FOREPUMP  WHICH  MUST 

BE  CONNECTED  TO  THE  OUTLET.  The  TURBO-MOLECULAR  PUMP  IS 

THEN  STARTED  AND  WITHIN  A FEW  MINUTES  THE  ROTOR  WITH  ATTACHED 
BLADES,  (SEE  A)  IS  ROTATING  AT  16,000  RPM.  MOLECULES  OR  AIR, 

WATER  VAPOR,  OR  OTHER  GASES  ENTER  THE  PUMP  AT  THE  INLET,  WHICH 

IS  THE  HIGH  VACUUM  SIDE  OF  THE  PUMP.  THESE  MOLECULES  COLLIDE 
WITH  ALL  THE  INTERIOR  SURFACES  OF  THE  INLET  PORTION  OF  THE 
PUMP,  AND  SOME  OF  THEM  ARE  ACCELERATED  AXIALLY  TOWARD  THE  ENDS 
OF  THE  PUMP  WHEN  THE  FIRST  DISC  OF  ROTOR  BLADES  STRIKES  THEM. 
The  MOLECULES  ARE  THEN  GUIDED  IN  A FAVORABLE  DIRECTION  BY  IM- 
PINGING UPON  THE  FIRST  DISC  OF  STATIONARY  STATOR  BLADES,  WHICH 
ARE  ORIENTED  IN  SUCH  A FASHION  AS  TO  INCREASE  THE  PROBABILITY 
OF  MOLECULES  BEING  STRUCK  BY  THE  SECOND  DISC  OF  ROTOR  BLADES, 

This  process  is  repeated  through  nineteen  stages  on  each  end 

OF  THE  PUMP,  RESULTING  IN  WHAT  IS  COMMONLY  REFERED  TO  AS  A 
COMPRESSION  RATIO.  THIS  ACTION  DEPENDS  ON  THE  RELATIVE  MOTION 
OF  BLADES  AND  MOLECULES,  THE  FASTER  THE  BLADES  MOVE  IN  COM- 
PARISON TO  THE  SPEED  OF  THE  FREE  MOLECULES,  THE  GREATER  THE 
COMPRESSION  RATIO  OF  THE  PUMP  BECOMES,  THUS  HEAVY  MOLECULES, 
SUCH  AS  OIL  VAPOR,  HAVE  COMPRESSION  RATIOS  SEVERAL  ORDERS  OF 
MAGNITUDE  HIGHER  THAN  GASES  SUCH  AS  NITROGEN  OR  HYDROGEN. 

The  COMPRESSION  OF  GASES  TOWARD  THE  ENDS  OF  THE  PUMP 
RESULTS  IN  A FOREPRESSURE  WHICH  EXTENDS  INTO  THE  FORELINE  AT 
B AND  IS  PUMPED  BY  THE  FOREPUMP  CONNECTED  TO  THE  OUTLET, 
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The  refrigerant  or  water  cooled,  high  speed  ball  bearings 

WHICH  SUPPORT  THE  ROTOR  ARE  LOCATED  AT  EACH  END  OF  THE 

PUMP,  AT  C,  The  oil  used  to  lubricate  the  bearings  is 

THUS  IN  THE  FOREPRESSURE,  THIS  OIL  IS  MORE  VOLATILE  THAN 
NORMAN  VACUUM  PUMP  OIL,  AND  ANY  SPATTERING  WHICH  MIGHT 
ACCIDENTALLY  CAUSE  OIL  TO  REACH  THE  BLADES  CANNOT  MIGRATE 
ANY  SIGNIFICANT  DISTANCE  TOWARD  THE  HIGH  VACUUM  AREA  AT 
THE  CENTER  OF  THE  PUMP  BEFORE  IT  IS  VAPORIZED  AND  PUMPED 
BACK  TO  THE  FORELINE. 

Since  the  turbo-molecular  pump  operates  on  a definite 

COMPRESSION  RATIO  PRINCIPLE,  THE  FOREPUMP  (FREQUENTLY  RE- 
FERRED TO  AS  A BACKING  PUMP)  BECOMES  IMPORTANT.  THE  BLANK- 
OFF  PRESSURE  RATING  OF  THE  TURBO-MOLECULAR  PUMP  IS  BASED  ON 
A FOREPRESSURE  OF  1 X 1C"4  TORR  (McLeod),  WHICH  IS  READILY 
ATTAINED  BY  WELCH  DUO-SEAL  TWO-STAGE  VANE  TYPE  MECHANICAL 
PUMPS. 
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Some  of  the  important  characteristics  of  the  turbo- 
molecular  PUMP  ARE  DISCUSSED  IN  THE  FOLLOWING  PARAGRAPHS 
TO  ENABLE  THE  OPERATOR  TO  USE  THE  PUMP  TO  ITS  BEST  ADVANT- 
AGE, 


The  Turbo-Molecular  Pump: 

1.  IS  FREE  OF  HYDROCARBON  CONTAMINATION  DURING 
OPERATION. 

2.  There  is  no  backstreaming  of  oil  vapors,  and 

THEREFORE  NO  NEED  FOR  LIQUID  NITROGEN  TRAPS. 

Hydrocarbons  may  be  pumped  through  the  pump 

INDEFINITELY  WITHOUT  DAMAGE. 

3.  CAN  PUMP  NOBLE  GASES  AS  EASILY  AS  THE  COMMON 
GASES. 

Leak  detection  poses  no  problem  regardless  of 

THE  TRACER  GAS  USED. 

4.  DOES  NOT  STORE  OR  RE-EJECT  PREVIOUSLY  PUMP  GASES. 

Any  gas  pumped  by  the  pump  is  completely  removed 

BY  THE  FOREPUMP, 

5.  CAN  PUMP  INDEFINITELY  AT  ANY  PRESSURE  WITHOUT 
DAMAGE. 

6.  Even  under  the  extremely  unusual  conditions  of 

OPERATING  AT  ATMOSPHERIC  PRESSURE  THE  WORST  THAT 
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COULD  HAPPEN  IS  THAT  THE  DRIVE  M0TOR  WOULD  BECOME 

OVERHEATED  AND  A THERMAL  OVERLOAD  WOULD  TRIP.  j 

■ 
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7-  HAS  IMMEDIATE  RECOVERY.  If  THE  PUMP  SHOULD  BE  ; 

SUBJECTED  TO  PRESSURE  IN  THE  UPPER  LIMIT  OF  MOLE-  ; 

CULAR  FLOW  FOR  HOURS  OR  DAYS,  AS  WHEN  A GAS  IS  \ 

BLED  THROUGH  A SYSTEM,  THE  PUMP  WILL  RECOVER  IM- 
MEDIATELY UPON  CLOSURE  OF  THE  BLEED.  OF  COURSE, 

WATER  VAPOR  OR  CORROSIVE  GASES  WILL  REQUIRE  BAKE- 
OUT  TO  REMOVE  COMPLETELY,  AS  IN  ANY  VACUUM  SYSTEM. 

8.  HAS  A RELIABLE  PUMPING  ACTION.  As  LONG  AS  THE 
ROTOR  IS  SPINNING,  THE  PUMP  IS  PUMPING. 

9.  IS  INSENSITIVE  TO  SUDDEN  AIR  INRUSH.  ACCIDENTAL 
VENTING  OR  IMPLOSION  OF  SYSTEM  COMPONENTS  DOES 
NOT  CAUSE  PUMP  DAMAGE  UNLESS  DEBRIS  IS  ALLOWED  TO 
FALL  DIRECTLY  INTO  THE  ROTOR  BLADES.  A SCREEN  IS 
PROVIDED  TO  PREVENT  SUCH  OCCURANCE,  A BURST  OF 
GAS  CANNOT  HARM  THE  PUMP,  EVEN  SUDDEN  VENTING  FROM 
ULTIMATE  BLANK-OFF  TO  ATMOSPHERE. 

10.  HAS  EASILY  ATTAINED  STARTING  PRESSURES.  THERE  IS 
NO  DELAY  FROM  THE  TIME  THE  FOREPUMP  NEARS  ITS  UL- 
TIMATE UNTIL  THE  TIME  THE  TURBO-MOLECULAR  PUMP  BEGINS 
PUMPING  EFFICIENTLY.  In  FACT,  THE  EFFECTIVE  PUMPING 
RANGES  OF  THE  TWO  PUMPS  OVERLAP,  AND  THE  SUDDEN  DROP 
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11.  IN  PRESSURE  FROM  THE  MILLITORR  (MICRON)  RANGE  IS 
IMPRESSIVE, 

12.  NEED  NOT  BE  BYPASSED  BY  ROUGHING  LINES.  It  IS  SO 
SIMPLE  TO  CYCLE  THAT  ROUGHING  CAN  BE  DONE  DIRECTLY 
THRU  THE  PUMP  BY  THE  FOREPUMP. 

13.  DOES  NOT  DECOMPOSE  PUMP  GASES.  WHATEVER  GOES  IN, 


MUST  COME  OUT. 


SPUTTER  m PUMPS 


The  suppter  ion  pump  is  designed  such  that  an  elec- 
trical DISCHARGE  OCCURS  BETWEEN  THE  ANODE  AND  CATHODE  AT 
A POTENTIAL  OF  SEVERAL  THOUSAND  VOLTS  IN  A MAGNETIC  FIELD 
OF  A FEW  THOUSAND  GAUSS,  SINCE  THE  MAGNETIC  FIELD  CAUSES 
THE  ELECTRONS  TO  FOLLOW  A FLAT  HELICAL  PATH,  THE  LENGTH 
OF  THEIR  PATH  TO  THE  ANODE  IS  GREATLY  INCREASED.  THE  GAS- 
EOUS IONS  FORMED  ARE  ACCELERATED  TO  THE  TITANIUM  ANODE  WHERE 
THEY  MAY  PERFORM  IN  ONE  OF  THREE  WAYS,  THEY  MAY  PENETRATE 
THE  ANODE  SURFACE  AND  THUS  BE  PUMPED,  OR  THEY  MAY  COMBINE 
CHEMICALLY  WITH  THE  ANODE  MATERIAL  TO  FORM  A LOW-VAPOR  PRES- 
SURE COMPOUND.  The  third  possible  occurance  is  that  they 
WILL  VAPORIZE  SOME  OF  THE  ANODE  MATERIAL  (SPUTTERING).  THE 
SPUTTERED  ATOMS  OF  METAL  WILL  IN  TURN  CONDENSE  ON  OTHER  PARTS 
OF  THE  PUMP  STRUCTURE  AND  TRAP  GAS  MOLECULES, 

Due  to  the  complex  nature  of  the  pumping  action  of  sputter- 
ion-type  PUMPS,  the  pumping  speed  for  various  gases  varies 

GREATLY,  DEPENDING  ON  THE  CHEMICAL  ACTIVITY,  EASE  OF  IONIZATION, 
AND  THE  MOLECULAR  SIZE  OF  THE  GAS,  TABLE  3 SHOWS  A SPEED  VARI- 
ATION OF  NEARLY  300  TO  1 FOR  A SIMPLE  DIODE  PUMP, 

IT  IS  FREQUENTLY  STATED  THAT  SPUTTER  ION  PUMPS  ARE  PRE- 
FERABLE TO  DIFFUSION  PUMPS  BECAUSE  THEY  DO  NOT  INJECT  HYDRO- 
CARBON CONTAMINANTS  INTO  A SYSTEM,  THIS  IS  TRUE  WHEN  A POORLY 
TRAPPED  DIFFUSION  PUMP  IS  USED  FOR  COMPARISON,  HOWEVER,  SPUTTER 
ION  PUMPS  CAN  PRODUCE  SIGNIFICANT  AMOUNTS  OF  HYDROCARBONS  WHILE  A 
PROPERLY  TRAPPED  OIL  DIFFUSION  PUMP  CAN  MAINTAIN  HYDROCARBONS  AT 
LESS  THAN  10' 12  TORR , 


Relative  Pumping  Speed  for  Gases  in  Flat  Cathode  Suppter 

Ion  Pump 


Gas 
Hydrogen 
Deuterium 
Light  Hydrocarbons 
Nitrogen 
Carbon  Dioxide 
Water  Vapor 


The  diffusion  pump  is  the  most  commonly  used  low 

PRESSURE  PUMP,  It  UTILIZES  THE  DYNAMICS  OF  A FLOWING 
FLUID  TO  PRODUCE  A VACUUM,  AND  IT  CONTAINS  NO  MECHANICAL 
OR  MOVING  PARTS,  THE  WORKING  FLUID,  IN  ITS  VAPOR  PHASE, 

IS  EJECTED  AT  HIGH  VELOCITY  BY  A NOZZLE  AGAINST  A COLD 
SURFACE,  WHERE  IT  IS  CONDENSED,  GAS  MOLECULES  IN  THE 
REGION  SURROUNDING  THE  JETS  ARE  CARRIED  BY  THE  VAPOR  JET 
TO  THE  REGION  WHERE  THE  VAPOR  IS  CONDENSED  AND  THE  PUMP- 
ING ACTION  THUS  PRODUCED  REMOVES  THE  GAS  FROM  THE  VACUUM 

system.  Diffusion  pumps  are  usually  used  in  conjunction 

WITH  A MECHANICAL  FOREPUMP,  THE  DISCHARGE  FROM  THE  DIF- 
FUSION PUMP  BEING  LET  DIRECTLY  TO  THE  FOREPUMP. 

The  pump  action  depends  on  the  probability  of  find- 
ing MOLECULES  OF  THE  GAS  IN  THE  VICINTY  OF  THE  HIGH  SPEED 
VAPOR  MOLECULES.  BECAUSE  OF  THE  LOW  PRESSURE  EXISTING  IN 
THE  PUMP,  PRACTICALLY  NO  COLLISIONS  TAKE  PLACE  BETWEEN  GAS 
MOLECULES,  AND  THOSE  MOLECULES  THAT  ARRIVE  AT  THE  JET  DO 
SO  BECAUSE  THEIR  LAST  COLLISION  WITH  THE  WALL  DIRECTED  THEM 
TOWARD  IT,  Upon  COLLISION  with  the  molecules  in  the  jet,  a 
MOMENTUM  TRANSFER  TAKES  PLACE  LEAVING  THE  GAS  MOLECULES  WITH 
SUFFICIENT  MOMENTUM  TO  REMOVE  IT  TO  THE  REGION  OF  HIGHER 
PRESSURE.  The  WORKING  FLUID  IMPINGES  ON  A COLD  SURFACE,  AND 
THE  CONDENSATE  FALLS  INTO  A HEATED  CHAMBER  FOR  REVAPORIZATION. 


Diffusion  pumps  have  been  constructed  to  use  various 

FLUIDS/  BUT  STEAM/  MERCURY  AND  OILS  ARE  COMMONEST.  WlTH 
PUMPS  OF  THIS  TYPE  THERE  IS  NO  LIMIT  TO  THE  VACUUM  ATTAIN- 
ABLE (EX.  10~7  TORR)  SO  LONG  AS  THE  VACUUM  SYSTEM  IS  PRO- 
TECTED BY  A COOLING  TRAP  TO  PREVENT  THE  BACKFLOW  OF  WORKING 


FLUID  VAPOR. 


LND  HAS  CHOOSEN  THE  DIFFUSION  PUMP  SYSTEM  SHOWN  IN 
FIGURES  21  AND  22  FOR  THE  FOLLOWING  REASONS: 

1.  The  pump  will  not  be  destroyed  by  the  halogen 
gases.  It  can  be  periodically  cleaned  without 
replacement  of  major  components. 

2.  One  does  not  require  great  pumping  speeds  since 
the  limiting  factor  is  the  small  oriface  of  the 

DETECTOR  PUMP  OUT  TUBULATION  SHOWN  IN  FIGURE  8. 

3.  The  basic  diffusion  pump  costs  several  hundred 

DOLLARS  WHEREAS  TURBO-MOLECULAR  PUMPS  COST  IN  THE 

order  of  $6,000.00 

The  SPUTTER  ION  PUMP  AS  ALREADY  DISCUSSED  CANNOT  BE 
REPAIRED/  HAS  DIFFERENT  PUMPING  SPEEDS  FOR  VARIOUS  GASES 
AND  WITH  CONTROLING  ELECTRONICS  IS  QUITE  EXPENSIVE  THERE- 
FORE IS  NOT  EVEN  A SECONDARY  CHOICE  FOR  THIS  APPLICATION. 

The  Turbo-Molecular  pump  would  be  destroyed  if  the 

HALOGEN  GASES  ENTERED  THE  PUMP.  ONE  DOES  NOT  REQUIRE  THE 
FAST  PUMPING  SPEED  AND  ITS  COST  WOULD  PROVE  PROHIBITIVE 

IN  THIS  APPLICATION. 


1 


AS  AN  OFFSHOOT  OF  THIS  PRODUCTION:  MEASURE  LND 
HAS  DESIGNED  AND  BUILT  A NEW  SERIES  OF  PUMPING  STATIONS  THAT 
INCORPORATE' MANY  NEW  FEATURES  ENABLING  FASTER.,  MORE  STABLE  AND 
RELIABLE  PRODUCTION  INCLUDING; 

1.  Higher  temperature  ovens 

2.  Automatic  temperature  cycling 

3.  Stainless  steel  manifold 
A.  Automatic  gas  processing 

Figure 20  is  a photograph  showing  the  new  automatic  oven 

AND  CONTROLS.  PlCTORI ALLY  ONE  CAN  SEE  THE  FOLLOWING: 

1.  Oven 

2.  Stainless  steel  manifold 

3.  Automatic  timing  control 

A.  Automatic  temperature  control 

These  controls  allow  the  oven  to  temperature  cycle  over 

A SET  OF  PROGRAMMED  TEMPERATURE  RANGES  FOR  A PROGRAMMED  TIME 
PERIOD. 

Figure  >21 1 s a photograph  showing  the  new  automatic  pumping 

SYSTEM  AND  CONTROLS,  PlCTORI ALLY  ONE  CAN  SEE  THE  FOLLOWING: 


1.  Mechanical  Pump 

2.  Diffusion  pump 

3.  Mix  bottle 

A.  Chlorine  Bottle 

5.  Bromine  Bottle 

6.  Nupro  Filling  Valves 


7.  Stainless  steel  filling 
valves 

8.  Liquid  N2  Cold  trap 

9.  Automatic  Filling  Valves 

10.  Pressure  Gauge 

11.  Automatic  Timing  Mechanism 


•»  .•  .* 
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Figure  22 Is  A photograph  describing  pictorially  the  entire 

SYSTEM  INCLUDING  AUTOMATIC  OVEN,  PUMPING  SYSTEM  AND  CONTROLS. 

Figure  is  a schematic  schemetic  describing  the  entire  system. 
After  the  station  is  manually  loaded  with  detectors  the 

PRE  PROGRAMMED  ELECTRONICS  ASSUME  CONTROL.  THE  OPERATOR  IS  NOT 
REQUIRED  AGAIN  UNTIL  FINAL  PROCESSING,  FILLING  AND  TESTING. 

Each  station  enables  the  pumping  of  108  units  in  a 24  hour 

PERIOD.  THERFORE  ONE  SINGLE  STATION  HAS  A 20  DAY  WORKING  MONTH 
CAPABILITY  OF  2160  UNITS. 
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FIGURE  20 


AUTOMATIC  OVEN  AND  CONTROLS 


P O- 


"low  Chart  and  Manufacturing  Process 

Figure  24  is  a flow  chart  of  the  manufacturing  processes 

REQUIRED  FOR  THE  HIGH  RANGE  6M  COUNTER  SHOWING  THE  CAPACITY  FOR 
EACH  SPECIFIC  PIECE  OF  EQUIPMENT  OR  OPERATION.  ALL  CAPACITY 
FIGURES  ARE  GIVEN  IN  UNITS  PER  8 HOUR  DAY. 

This  is  described  in  detail. 

1.  Purchase.  Parts 

Components  of  an  entire  program  can  be  purchased  at 
one  time.  Complete  purchasing  proceedures  are  outlined 

in  the  LND  Quality  Assurance  Manual. 

2.  Manufacture  Parts 

This  includes  components  manufactured  not  only  in  the 
LND  machine  shops  but  also  at  outside  vendors.  All 
vendors  used  by  LND  must  inspected  and  approved  by  the 
LND  Quality  Control  dept,  on  a periodic  basis  as  des- 
cribed in  our  Q.A,  manual. 

3.  Inspection 

Complete  inspection  proceedures  are  followed  including 
mechanical, visual  and  electrical  plus  certificates  of 

compliance  and  analysis  are  required  for  all  materials, 

All  inspection  according  to  MIL 

4.  £l£M1M 

Chemical  cleaning  consists  of  stainless  steel  processing 
as  described  in  LND  proceedure  M90Q135  and  M800140  plus 
triple  cascade  washing  in  boiling  DEMINERALIZED  H2O  OF 
ALL  OTHER  COMPONENTS,  COMPONENTS  FOR  800  DETECTORS  CAN  BE 
CLEANED  IN  A 4 HR.  PERIOD, 


I 


OXYGEN  FIRING  PROCEEDURE 


II 

-V-  *'■' 
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1.  Take  chemically  cleaned  and  etched  components 
and  place  them  in  vacuum  firing  jar. 

2.  Pump  down  to  10’^  torr. 

3.  Activate  RF  generator  and  heat  components  to 
900°C. 

4.  When  all  components  have  been  thoroughly  out- 
gassed  admit  ultra  pure  oxygen  (760  torr)  and 
keep  heat  on  for  1 minute. 

5.  Allow  to  cool  in  oxygen  atmosphere. 
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TITLE 


STAINLESS  STEEL  PROCESSING 


VC. 

PROCEDURE  NO. 

M- 900135 

PAGE 

nr 

ISSUED 

OCT  3 l 1972 

APPROVED 

wmmm 

1.  Clean  In  acetone  bath  In  ultrasonic 
degreaser  for  3 minutes. 

2.  Running  hot  water  rinse. 

3.  M800140  #1  - Dip.  In  initial  bath  for  2 
seconds. 

l\.  Running  hot  water  rinse. 

5.  M800140  #2  - Dip  In  depasslvate  for  2 
seconds. 

6.  Hot  water  rinse. 

7.  M800140  #3  - Immerse  In  bright  dip  for 
2 seconds. 

8.  Running  hot  water  rinse. 

9.  Acetone  rinse. 

10.  Hot  air  dry. 


REVISED 


APPROVED 


UVD,  INC . 


TITLE 


PROCESS  STANDARDS 


STAINLESS  STEEL  SOLUTIONS 


PROCEDURE  NO.  M-800140 


ISSUED 


APPROVED 


Oct.  31,1972 


1.  INITIAL  BATH 


Hydrochloric  Acid  (HCL  37%)  A.C.S.  Spec. 
Nitric  Acid  (HN03  70%)  A.C.S.  Spec. 


Water  (Distilled) 


Temperature  65°  Centigrade 


100  Ml . 

25  Ml. 

375  Ml 

500  Ml  batch 


2.  DEPASS I VATE 


Sulfuric  Acid  (93%  Min.) 
Water  (Distilled) 


25  Ml 
475  Ml 

500  Ml  batch 


3.  BRIGHT  DIP 

Nitric  Acid  (HN03  70%)  A.C.S.  Spec. 
Hydrochloric  Acid  (HC1  37%)  A.C.S.  Spec. 
Phosphoric  Acid  ijB5%) 

Acetic  Acid  (Glacial)  U.S.P.  Spec. 

Temperature  65°  Centigrade 


200  Ml . 
25  Ml 
25  Ml 
250  Ml 


KEEP  ALL  SOLUTIONS  UNDER  FUME  HOOL 


REVISED 


APPROVED 


Firing 

Vacuum  and  Oxygen  firing  consist  of  stringing 

THE  CATHODES  ON  MOLYDENUM  RODS  AND  HEATING  THEM 

•IN  A VACUUM  TO  QO0°  C THEN  ADMITTING  ULTRA 
PURE  OXYGEN  FOR  A PERIOD  OF  5 MINUTES  THEN  COOLING 

100  UNITS  CAN  BE  PROCESSED  IN  A 30  MINUTE  PERIOD. 

Assembly 

The  assembly  of  the  high  range  GPi  counter  is  accomplished 
BY  HAND.  100  units  can  be  completely  assembled  in  an 
8 HOUR  period. 


Leak  testing  is  accomplished  on  a helium  mass  spectrometer 
using  LND  fixture  F4130  multiple  leak  checking  manifold 
10  UNITS  CAN  BE  TESTED  IN  A 2 1/2  MINUTE  PERIOD. 


The  TUBES  ARE  placed  on  a 36  POSITION  manifold  and  automatic- 
ally PUMPED,  BAKED  AND  PREPROCESSED.  THIS  MANUAL  PROCESS 
TAKES  1/2  HOUR.  THE  AUTOMATIC  PUMPING  AND  BAKING  CYCLE 
CAN  BE  ADJUSTED  TO  A 4 HOUR  PERIOD. 

Filling  & Pretest 

Final  processing,  filling,  and  pretesting  the  detectors 

AND  REMOVING  THE  DETECTORS  FROM  THE  STATION  TAKES  1 HOUR. 


Testing  is  accomplished  on  the  LND  automatic  plateau 
PLOTTER,  100  TUBES  ARE  PLACED  ON  THE  LND  AUTOMATIC 
PLATEAU  PLOTTER  IN  A 15  MINUTE  PERIOD  THEN  THIS  PRE- 
PROGRAMMED UNIT  AUTOMATICALLY  CYCLES  A UNIT  EVERY  2 
MINUTES  GIVING  PLATEAU  LENGTH,  SLOPE  AND  SENSITIVITY. 
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Final  inspection  is  a visual  examination  including 

PLACEMENT  IN  A GO-NO/GO  FIXTURE  TO  INSURE  PROPER 
•ALIGNMENT  OF  INSULATORS.  A UNIT  CAN  BE  INSPECTED 
EVERY  30  SECONDS. 

The  units  are  labeled  according  to  MIL-E-l  and 

PACKAGED.  A UNIT  CAN  BE  LABELED  AND  BULK  PACKED 
IN  30  SECONDS. 

The  capacity  figure  given  is  for  the  specific  piece  of 

EQUIPMENT  AND  NOT  THE  TOTAL  CAPACITY  OF  LND . 

Table  g is  a list  of  the  equipment  and  tooling  required 

FOR  THE  MANUFACTURE  OF  HIGH  RANGE  GM  COUNTERS. 


TABLE  9 


Equipment  and  Tooling  required  for  Manufacture  of  High  Range 

GM  Counters 


Machining. 

Lathe 

Roller 

1N.SP.ECT-IQ.N 

0-1"Micrometer 

0-8"  Depth  Gage 

6"  Vernier  Caliper 

Christian  Becker  Sensitive  Balance 

-100°F  to  +350°F  Tenny  Environmental  Chamber 

CLEAMJliS 

Ultra  Sonic  Cleaner 
Vapor  Degreaser 

ElRlNfi- 

10KW  Lepel  Generator  Model  T-10 

LND  design  9 position  water  cooled  RF  switch 

Power  controls  and  interlocks 

Ecco  UNIT  FOR  OUTGASSING 

Forepumps,,  diffusion  pumps,  cold  traps  and  valving, 
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Table  9 


CONTINUED 


4PL 

i 


IP 
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Assembly. 

Glass  frit  mixer 

GrUENBERG  10,000  WATT  OVEN 
Leak  Testing 

Veeco  MS12  Helium  Hass  spectrometer 
Veeco  Calibrated  Leak  standard 

Pumping  and  Baking 
GM  Station 

Forepump,  diffusion  pump,  cold  trap  oven  and  gas  manifold, 

Ei-Lung  and  Pre-test 

Gas  Manifold 

Power  supply  and  electrostatic  voltmeter 
Oscilloscope 

Testing 

Power  supply  and  electrostatic  voltmeter 
Oscilloscope 

Automatic  Plateau  plotter 

Inspect iqn„ 

0-1"  Micrometer 

6"  Vernier  Caliper 
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The  specification  utilized  for  inspection  and  acceptance 


OF  THE  PILOT  RUN  HAS  BEEN  REVISED  AND  UPDATED  RELFLECTING  THE  FINDINGS 
B OF  THIS  PROGRAM.  THE  FOLLOWING  IS  A REVISED  VERSION  OF  THE 

SPECIFICATION  SCS-415B.  It  HAS  ARBITRARILY  BEEN  GIVEN  THE 
DESIGNATION  SCS-^IBC.TO  AVOID  CONFUSION.  THE  SPECIFICATION 
. HAS  BEEN  PLACED  INTO  STANDARD  MILITARY  QPL  FORMAT. 


R 
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SCS-415C 
05  MAR  1976 
SUPERSEDING 
SC-415B 

15  OCTOBER  1974 
SUPERSEDING 
SCS-415A 
17  DECEMBER  1971 


MILITARY  SPECIFICATION  SHEET 
ELECTRON  TUBE,  RADIATION  COUNTER 
TYPE  71425  HIGH  RANGE  GIEGER  TUBE 


The  complete  requirements  for  procuring  the  electron 
tube  described  herein  shall  consist  of  this  document 

ancT  the  latest  fssue  of  specification  MIL-E-1, 

MIL-C-45662 , MIL-1311A  method  1031,  IEEE  Publication 
309. 

This  specification  is  mandatory  for  use  by  all 


departments  anc 


non  is 
3enci es 


)artment  of  Defense. 


DESCRIPTION:  Halogen-filled,  low  sensitivity, self-quenching  for 

detection  of  gamma  radiation. 


a 

Dimensions:  see 

figure  1 

L_ 

Mounting 

Posi tion : 

Any 

f 

. E 

Weight: 

0.8  grams 

, nominal 

ABSOLUTE  RATINGS: 

■v 

Parameter: 

Ebb 

Ta 

Rp 

Li  fe 

• 

Unit: 

Vdc 

°F 

Meg 

Counts 

O 

l. 

Maximum: 

650 

+ 200° 

— 

— 

• 

Minimum 

490 

-70° 

— 

( — * 
O 

o 

TEST  CONDITIONS: 

520 



3.3 

GENERAL: 

Qualification  - required  (see  not  2) 
Marking  - see  note  3 
Response  characteristics  - see  note  1 
Burn  in  - see  note  21 


(69  > 


(PERCENT 

DEFECTIVE) 


LEVEL 
OR  CODE 


Quality  confor- 
mance inspection, 

$1  .X 

Background, contam- 
*■  i nation  and  photo- 
■ sensitivity 

. Starting  Voltage 


t=  2 minutes  (see  j 0.65 
notes  5,6,10  and  12 ! 


. Relative  plateau 
Slope 


End  of  plateau 
voltage 

Response  count 
cz  rate  (gamma) 


X-  Deadtime 

6. „ .nning  of 
| Plateau  Voltage 

Pulse  Shape 

. • Quality  confor- 
mance inspection, 
H part  2', 

’•  Response  Linearity 
■X  Pulse  Amplitude 

Hysteresis 

Sensitivity  Stabil 
ity 

Tube  capacitance 

Pulse  risetime 

Beta  sensitivity 

Sens  i 1 1 vl  ty  Stabl  1 - 
ity 


Pulse  amplitude 
= 1 volt;Nps=100 
(max) ;Rl=330Kfi; 
R2=C3=3Mn;Cl=2. 2 
pf  (see  note  10) 
Figure  2 

''oltage  Range  = 
490  to  650  Vdc 
Note  1 

Ps=0. 20%/Vdc 
see  note  1 

t=  2 minutes 
see  notes  7 & 10 
Ebb  - 520  volts 

Ebb  = 520  Vdc 

Ps  = 0. 15%/Vdc 


see  note  13 


Gamma  (Co60) 
see  note  14,10 

Ebb  =520  Vdc; 
pulse  amplitude 

see  note  15,10 

* 

see  note  16,10 
see  note  17 


650 

j 

1 1500 


! +102 

| 

3 

5 


Microsec. 

Vdc 


CPS  ( 

t 

picofard  | 
Microsec.  I 


note  18,10 

— 

1 

LO 

O 

oS 

+30% 

CPS 

note  19,10 

— 

— 

— 

— 

— 
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NOTES: 


1.  In  meeting  the  requirements  of  this  specification  the  performance  of 
GM  tube  shall  be  rated  on  the  basis  of  its  operating  in  the  circuit  of 
figure  2 to  produce  the  curve  of  figure  3.  The  contractor  shall  establish 
and  maintain  a GM  tube  plateau  characteristic  curve  tracer.  Each  radiation 
counter  shall  have  its  plateau  characteri sti c curve  recorded  on  an  X-Y 
plot,  an  example  of  which  is  shown  in  figure  3.  The  count  rate  and  voltage 
extremes  sweep  rate  shall  be  chosen  such  that  slowing  down  the  voltage 
sweep  rate  does  not  produce  an  observable  change  in  the  shape  of  the 
characteri sti c curve.  The  following  information  shall  be  obtainable  from 
the  plateau  characteri sti c curve:  (a)  plateau  slope,  (b)  beginning  of 
plateau,  (c)  plateau  length,  and  (d)  starting  voltage.  The  radiation 
source  to  detector  distance  shall  be  fixed  so  that  variations  in  source 

to  the  tube  distance  cannot  exceed  2 percent.  The  radiation  source 
used  for  this  test  shall  be  calibrated  and  produce  a count  rate  that 
shall  be  no  more  than  one  order  of  magnitude  below  the  limit  of  tube  response 
1 ineari ty. 

DEFINITION  OF  TERMS:  Specific  definitions  pertaining  to  this  specification 

are  as  follows: 

A.  Plateau  Slope.  The  plateau  slope  is  calculated  for  the  total  plateau 
length  specified.  The  slope  S is  quoted  in  percentper  100  volts  and 
can  be  calculated  from: 

N N 

S = 100  2 - 1 1 

Tn  + N ) / 2 TvT  - Vj/100 

12  12 

B.  Beginning  of  Plateau  . The  midpoint  of  the  first  10  volts  increment  after 
"the  sTarti rig  voltage  wherein  the  slope  becomes  equal  or  less  than  that 
specified. 

C.  Plateau  Length.  That  portion  of  the  characteristic  curve  where  the 
slope  remains  within  the  specified  value. 

D.  Starting  Vol tage.  The  lowest  applied  voltage  at  which  a 1 volt  pulse 
appears  at  point  A of  Fig.  2 

E.  Operating  Point  The  voltage  Ebb  in  figure  2. 

2.  A minimum  of  28  samples  shall  be  submitted  for  qualification  testing.  The 
samples  to  be  submitted  for  qualification  testing  will  be  broken  down  into 
the  following  subgroups: 

1 . Shel f life  or ly  6 

2.  Electrical .including  life  test  16 

3.  Variable-frequency  vibration  6 

3.  Each  tube  shall  be  individually  date  coded  showing  the  week  and  year  of 
manufacture  plus  have  the  manufacturers  name  permanently  marked  on  the  tube. 

4.  Criterion  for  passing  this  test  shall  be  compliance  after  test  of  at  least 
80  percent  of  tne  tubes  with  the  requirements  for: 

A.  Starting  voltage 

B.  Gamma  response  (count  rate) 

C.  Pulse  amplitude  (1)  and  (2) 

0.  End  of  plateau  voltage 

E.  Relative  Plateau  Slope 


(7?) 


This  data  will  be  obtained  from  plateau  characteristic  curve  taken  during 
vibration. 


5.  In  determining  tube  response  (count  rate)  Ebb=  520  Vdc.  Tube  count 
rates  shall  be  determined  using  a scaler  having  di scrimination  level 
of  0. 5 vol ts . 

6.  The  tube  shall  be  exposed  to  radiation  from  a General  Electric  15  watt  germicidal 
lamp  and  a General  Electric  15  watt  fluorescent  lamp,  or  equi valents ,wi th 
relative  positions  as  shown  on  figure  4. 

7.  All  radiation  standards  employed  in  the  standardizations  shall  be 
traceable  to  the  primary  standard.  The  National  Bureau  of  Standards. 

8.  With  the  tube  in  a field  giving  100  ± 10  CPS  at  520  Vdc  the  plateau 
characteristic  curve  shall  be  obtained  at  each  of  the  following 
temperatures  and  in  the  order  shown. 

A.  Room  temperature 

B.  -50°F 

C.  -70°F  (turn  voltage  off) 

D.  +■  100°F  (turn  voltage  off) 

E.  +.60°F 

F.  Ream  temperature 

A minimum  stabilization  time  of  30  minutes  shall  be  allowed  at  each  temperature. 

The  starting  voltage  shall  not  shift  throughout  the  operating  temperature 
range  more  than  ± 10  volts. 

9.  The  limits  for  acceptability  shall  be  as  follows: 

Background,  contamination  and  photosensitivity:  2CPM  maximum 

Starting  Voltage:  400±  15  volts 

PLateau  length:  160  volts  minimum 

Relative  plateau  slope:  0.15  percent/Vdc,  maximum 

End-of-plateau  voltage:  650  volts,  minimum 

Gamma  response  (count  rate):  1600  + 100  CPS 

Pulse  amplitude:  initial  limits 

10.  This  test  to  be  performed  at  the  conclusion  of  the  holding  period. 

11.  The  tube  shall  be  mounted  with  its  longitudinal  axis  horizontal  to  the 
direction  of  motion  by  means  of  a rigid  clamp  at  the  center  of  the  cathode. 

The  tube  shall  have  its  characteristic  curve  taken  while  being  subjected 

to  60  Hz  vibration  at  an  amplitude  of  0.1  inches  minimum.  No  change  in 
characteri stic  is  acceptable. 

12.  With  the  GM  tube  totally  enclosed  in  nuclear  radiation  s h i e 1 d ( outer  layer 
of  lead  at  least  50mm  max.  thick  and  inner  layer  of  aluminum  at  least  3mm 
thick)  the  background  shall  be  no  greater  than  2 counts  per  minute  when 
the  tube  is  connected  as  shown  in  figure  2. 


The  pulse  shape  shall  be  as  illustrated  in  figure  5A  when  observed 
at  point  A of  figure  2. 

The  count  rate  vs.  field  intensity  of  the  radiation  counter  shall  be 
as  shown  in  figure  6,  when  the  tube  is  operated  in  the  D.C.  mode.  The 
count  rate  shall  be  linear  within  ±4  of  true  value  to  count  rate  equiv- 
alent to  a 1.0  r/hr  field. 


'*  . There  may  be  a difference  in  the  plateau  obtained  with  an  increasing 
voltage  traverse  and  that  with  a decreasing  voltage  traverse.  This 
ei feet  is  attributed  to  the  charging  of  insulating  surfaces  in 
the  counter.  To  test  for  hysteresis  the  plateau  shall  be  traversed 
in  an  ascending  and  then  a descending  direction  with  a total  elapsed 
time  of  less  than  one  hour  (much  shorter  than  the  charge  leakage  time 
constants  of  the  insulating  surfaces).  The  ascending  and  descending 
plateau  curves  shall  be  shown.  There  shall  be  no  change  in  tube 
sensitivity  due  to  hysteresis  greater  than  ± 5f..  The  geiger  threshold 
shall  not  shift  due  to  this  effect  more  than  2’,T  in  volts,  downscale. 

All  measurements  shall  be  taken  from  the  RMS  value  of  the  curve  which 
shall  be  drawn  thru  response  characteri sti c . 

16.  The  gamma  sensitivity  shall  not  vary,  after  the  burn  in  period  described 

in  note  more  than  ±10  during  the  course  of  1 x 1010  counts. 

17.  The  pulse  risetime  is  defined  in  figure  5B  when  observed  at  point  A of 

figure  2 the  pulse  rise  time  shall  be  not  greater  than  5 microseconds. 

18.  The  beta  sensitivity  of  the  tube  shall  be  measured  with  the  side  window 
spaced  0.05"  ± .005"  from  the  source  of  radiation  face  plane.  The  beta 
radiation  source  shall  be  centered  directly  below  the  beta  window.  The 
tube  shall  be  rotated  about  its  longitudinal  axis  exposing  at  least 
three  nonoverlapping  views  of  beta  window.  The  responses  shall  be  within 
the  ±30.0/,',.  All  measurements  shall  be  at  least  of  two  minutes  duration. 

19.  The  tube  characteristics  shall  be  recorded  under  a 5mr/hr  field  after 
which  the  tube  shall  be  exposed  to  5r/hr  field  for  30  min.  The  gamma 
sensitivity  shall  be  recorded  in  a 5 mr/hr  field  during  first  10  min. 
interval  after  exposure  the  tube  shall  be  within  specifications. 

20.  The  G-M  tube  shall  be  subjected  to  a reduced  pressure  level  of  0.320  in.  of 
hg.  abs. (simulating  100,000  feet  above  sea  level)  and  shall  be  maintained 
at  this  pressure  for  a period  of  not  less  than  1 hour.  Following  the 

exposure  period,  the  G-M  tube  shall  be  examined  and  operated  to  insure  that 
no  physical  damage  or  degradation  in  performance  has  resulted. 

21.  There  shall  be  a 100  hour  period  of  operation  of  the  tube  into  the  test 
circuit  (figure  2)  in  a 5 rad/hr  field  of  CO  60  or  Cs 1 r/  radiation. 
Determination  of  compliance  with  this  specification  shall  be  made  after 
this  burn  in  period. 


Rise  Time 


Decay  Time 


(A)  Pulse  Shape 


(B)  Pulse  Rise  Time  Definition 


(C)  Oscilloscope  Display  of  Dead  Time 


FIGURE  5 
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FIGURE  6 1 RESPONSE  CHARACTERISTIC  OF  TYPICAL  7U25 
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REQUIREMENT  FOR  .PILOT  LINE 
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Figure  ?5  is  an  outline  of  the  LND  facility  outlining 

THE  SPECIFIC  AREA'S  USED  IN  THE  MANUFACTURE  OF  THE  HIGH  RANGE 
GM  COUNTER  FOR  THE  AN/VDR-1  INSTRUMENT.  THESE  AREA'S  ARE 


DESCRIBED  AND  AN  ANALYSIS  OF  EACH  AREA  OF  OPERATION  IS  GIVEN. 
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Area  _JL  (£ii£ni£AL,  Clear  i no! 

1.  Sinks 

2.  Fume  Hood 

3.  Ultra  Sonic  Cleaner 
A.  Chemicals 

5,  Air  Dryer 


Area  2 (Processing) 

1.  R, F. Generator 

2.  Power  Controls  & Interlocks 

3.  Ecco  Unit  for  Outgasing  Metals 
A.  Forepumps,  Diffusion  Pumps,  Cold  traps  and  valving 
5,  Gases 

Area  3_  (Assembly). 

1,  Heliarc  Welder 

2,  Spot  Welder 

3,  Tweezer  Welder 
A,  Glassing  Benches 
5.  Powder  Glass  Stirrers 

Area  .A  (Firing). 

1,  10,000  Watt  Glass  Frit  Air  Oven 

2,  3000  Watt  Glass  Frit  Air  Oven 

3,  Temperature  and  Soak  Time  Controls 
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Ar ea-  5 (Leak  -Checking), 

1.  Helium  Mass  Spectrometer 

2.  Calibrated  Leak 

3.  Leak  Testing  Manifold 


Area,  5 (Pump,,  Bake  and  Fi  ll. Stations) 

1.  TWO  TWIN  GM  STATIONS 

2.  Forepumps 

3.  Diffusion  pumps 

4.  Cold  Traps 

5.  Ovens 

6.  Gas  manifolds 

7.  Pressure  gauges 

8.  Pre-test  equipment 


) 


1,  Power  Supply 

2,  Timing  Scaler 

3,  Rate  Meter 

4,  Oscilloscope 

5,  Pulse  Generator 

6,  Electrostatic  Voltmeter 

7,  Preamplifier 

8,  Chart  Recorder 

9,  Digital  voltmeter 

10,  Electrometer 

11.  Poloroid  Scope  Camera 


12.  Tenny  Environmental  chamber 

13.  Automatic  Plateau  plotter 
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m.  Radiation  sources 
Arfa  8 (Finished  Goods  Stock ) 


].  Packaging  Equipment 


2,  Labeling  Equipment 
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ANALYSIS  OF  AREA  OPERATIONS 


Area  1 

In  chemical  cleaning  the  parts  are  degreased  in  an 

ULTRA  SONIC  CLEANER  THEN  BRIGHT  DIPPED  AND  ETCHED  AND  AIR 
DRYED, 

AREA-2 

After  chemical  cleaning  they  are  precessed  in  Area  2 

BY  VACUUM  FIRING  AT  900°C  AND  LET  DOWN  TO  ROOM  TEMPERATURE 
IN  AN  OXYGEN  ATMOSPHERE. 

Area  3 

The  ANODES  ARE  subassembled  and  then  the  final  unit  is 
ASSEMBLED  USING  A POWDER  GLASS  FRIT  AND  SET  INTO  FIRING 
FIXTURES. 

Area  4 

The  full  firing  fixtures  are  placed  in  temperature  con- 
trolled OVENS  AND  BAKED  TO  APPROXIMATELY  600°C  WITH  A CONTROLLED 
HIGH  TEMPERATURE  SOAK  PERIOD. 

Area.  5 

After  firing  the  units  are  leak  checked  on  a helium  mass 
SPECTRMETER  ACCORDING  TO  SPECIFICATION  M5001zl0BA. 

AfifAJL 

The  units  that  pass  the  helium  leak  test  are  sealed  onto 

THE  PUMPING  SYSTEM.  THEY  ARE  PUMPED,  BAKED  AND  PROCESSED. 


f 
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After  processing  the  units  are  tipped  off  (removed  from 

PUMPING  STATION)  AND  TESTED  TO  SPECIFICATION  IN  THE  TESTING 

AREA..&  ■ 

After  testing  the  units  are  placed  in  finished  goods 

STORAGE  FOR  30  DAYS  THEN  RETESTED  AND  PLACED  IN  STORAGE 
AWAITING  SHIPMENT  TO  CUSTOMER 

Area  ...9 

The  units  are  removed  from  finished  goods  storage  and 

LABELED,.  PACKAGED  AND  SHIPPED. 
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CONCLUSION 

In  the  past,  several  manufacturers  have  provided  high 

RANGE  DETECTORS  FOR  USE  IN  THE  AN/VDR-1  AND  OTHER  SIMILAR 
APPLICATIONS,  IN  GENERAL,  IT  WAS  NOT  DIFFICULT  TO  PROVIDE 
MOST  OF  THE  OPERATING  CHARACTERISTICS,  HOWEVER  , IT  HAS  BEEN 
SHOWN  THAT  TUBE  STABILITY  AND  EXTENDED  LIFE  HAS  BEEN  EXTREMELY 
DIFFICULT  TO  OBTAIN,  LND  HAS  EXTRACTED  WHAT  IT  CONSIDERED  THE 
MOST  CHALLENGING  AND  DIFFICULT  REQUIREMENTS  OF  THE  GM  TUBE 
SPECFICATION  AND  HAS  DISCUSSED  IN  SOME  DETAIL  ITS  METHOD 
OF  COMPLIANCE,  OTHER  SPECIFICATION  REQUIREMENTS  (TUBE 
CHARACTERISTICS)  HAVE  BEEN  LISTED  AND  BRIEFLY  DISCUSSED 
TO  PROVIDE  A COMPLETE  UNDERSTANDING  OF  THE  FINAL  CONFIGURATION, 

Certain  key  parameters  in  a GM  counter  that  control  its 

CHARACTERISTICS,  SENSITIVITY  AND  OPERATING  CHARACTERISTICS 
ARE  PROVIDED  IN  SPECIFICATION  SCS^USC 
Shape  and  dimension 
Tube  wall 
Gas  fill 

Photosensitivity 
Sensitivity,  stability 
Temperature  effects 
Background 
Test  Circuit 

Characteristic  curve  requirements 
Pulse  dead  time 
Operating  Life 
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The  physicsl  size  is  given  (see  figure  2^  therefore  all 

PARAMETERS  SUCH  AS  GAMMA  SENSITIVITY  ARE  LIMITED  TO  THE 
GIVEN  DESIGN. 


The  tube  wall  thickness  of  30mg/cm  limits  the  energy 

DEPENDENCE  AND  BETA  SENSIVITITY  OF  THE  DETECTOR. 

Gas.  Fill. 

The  gas  fill  purity  and  type  was  one  of  the  key  points  in 

DETERMINING  OPERATING  VOLTAGE  AND  TUBE  LIFE.  THE  GAS 
MIXTURE  AND  FILL  PRESSURE  IS  GIVEN  IN  THE  PUMP  AND  FILL 
SPECIFICATION. 


The  tube  is  not  photosensitive.  There  is  no  window  such 

THAT  VISIBLE  LIGHT  CANNOT  GAIN  ACCESS  TO  THE  COUNTING 
VOLUME  TO  CAUSE  PHOTOSENSITIVITY.  THE  FOSTERITE  INSULATORS 
ARE  OPAGUE  TO  LIGHT. 


The  gamma  sensitivity  is  determined  by  physical  size  and  shape. 
Tube  stability  was  one  of  the  key  factors  in  this  program. 

The  stability  of  a detector  is  determined  by  the  work 

FUNCTION  OF  THE  INTERNAL  SURFACES  OF  CATHODE  AND  ANODE.  If 

the  work  function  is  high  spurious  or  secondary  pulses  are 

HIGH  CAUSING  INSTABILITY, 
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Continued  operation  of  a detector  changes  the  surface 

WORK  FUNCTION,  It  IS  A FACT  THAT  THE  CATHODE  SURFACE 
MUST  BE  TREATED  TO  MAKE  THE  DETECTOR  UNEFFECTED  BY 
CONTINUED  OPERATION  OF  THE  DETECTOR,  AND  DOES  NOT 
IMPAIR  THE  INTERNAL  SURFACES  OF  THE  UNIT.  STABILITY 
HAS  BEEN  OBTAINED  AND  DETECTORS  MANUFACTURED  ON  A 
LIMITED  PRODUCTION  BASIS  THAT  MEET  THE  DESIRED  STABILITY 

CHARACTERISTICS  SET  DOWN  IN  SCS-415B, 

TEMPERATURE  Effects. 

The  operating  temperature  characteristics  of  the  detector 
is  controlled  by  the  outgassing  temperature  and  the  length 

OF  TIME  THE  UNIT  IS  BAKED  DURING  THE  PUMPING  CYCLE. 

Background. 

The  BACKGROUND  COUNTING  RATE  IS  A DIRECT  FUNCTION  OF  THE 
CATHODE  SURFACE  WORK  FUNCTION.  THIS  WAS  ANOTHER  KEY  POINT 
IN  THE  PEM  PROGRAM.  It  IS  A FACT  THAT  BY  PLACING  A CHROME 
OXIDE  SURFACE  ON  THE  CATHODE  THE  BACKGROUND  COUNT  RATE  WILL 
BE  REDUCED  INCREASING  DETECTOR  STABILITY. 

Test.  Ci.rc.ult- 

ThE  TEST  CIRCUIT  WILL  DETERMINE  TO  SOME  DEGREE  THE  OPERATING 
CHARACTERISTICS  AND  COUNTING  LIFE  OF  THE  DETECTOR.  If  A 
LARGE  PARASITIC  CAPACITANCE  IS  PLACED  ACROSS  THE  DETECTOR  THE 
INCREASED  CURRENT  DRAWN  WILL  SHORTEN  THE  DETECTOR  OPERATING 

LIFE.  The  TEST  CIRCUIT  CURRENTLY  USED  is  a RESULT  OF 
CONFERENCES  BETWEEN  LND  AND  THE  MANUFACTURER  OF  THE  An/vDR-1 

This  evaluation  of  test  circuits  has  resulted  in  one  that  reduces 

THE  PARASITIC  CAPACITANCE  TO  A MINIMUM  , 


90. 


The  initial  detector  characteristics  are  given  by  tube 

DIMENSIONS,  GAS  TYPE  AND  PRESSURE.  THE  ONLY  CONTROL  ONE 
HAS- IS  TO  ADJUST  THE  GAS  MIXTURE. 

Pulse  Dead  Time 

The  dead  time  is  a function  of  tube  dimensions;  gas  and 

TEST  CIRCUIT.  ONE  CAN  ADJUST  THE  GAS  AND  TEST  CIRCUIT  TO 
GIVE  THE  DESIRED  TUBE  DEAD  TIME. 

Operating  Life 

The  entire  function  of  PEM  was  to  adjust  production  procedures 
to  meet  the  SCS-415B  specifications.  Operating  life  was 
altered  drastically  by  redesign  of  insulators  and  cathode 
processing.  Initially  a tube  life  of  109  counts  on  production 

ITEMS  SEEMED  THE  LIMIT  WITH  EXCEPTIONS  GIVING  A TUBE  LIFE 
OF  1010  COUNTS.  OF  THE  ENTIRE  75  PILOT  PRODUCTION  RUN  ALL 
UNITS  ACHIEVED  A COUNTING  LIFE  OF  >10  COUNTS  AND  ARE 


STILL  FUNCTIONING, . 


The  cumulative  process  in  which  charged  particles 


ACCELERATED  BY  AN  ELECTRIC  FIELD  PRODUCR  ADDITIONAL  CHARGED 
PARTICLES  THROUGH  COLLISION  WITH  NEUTRAL  GAS  MOLECULES  OR  ATOMS. 

(From  IEEE  Standards  Publication  160). 


Background  Counts  (Radiation  Counters)  Counts  caused  by 
radiation  coming  from  sources  other  than  that  TO  BE  measured. 
(From  IEEE  Standards  Publication  160). 


Count  ( Radiation  Counters)  A single  response  of  the  counting 
system.  See  also  Tube  Count.  (From  IEEE  Standards  Publication 
160.) 

Counter  Tube,  Externally  Quenched  A radiation  counter  tube  that 
requires  the  use  of  an  external  quenching  circuit  to  inhibit 
re-ignition.  (From  IEEE  Standards  Publication  160). 


Counter  Tube,  Gas-Filled,  Radiation  A gas  tube  used  for 
detection  of  radiation  by  means  of  gas  ionization  (From  IEEE 
Standards  Publication  160.) 


A 02. 


Counter  Tube, .Gas-Flow  A radiation-counter  tube  in  which 


AN  APPROPRIATE  ATMOSPHERE  IS  MAINTAINED  BY  A FLOW  OF  GAS 
THROUGH  THE  TUBE.  (FROM  IEEE  STANDARDS  PUBLICATION  160). 


Counter  Tube,  Geiger-Mueller  A radiation-counter  tube  operated 

IN  THE  GEIGER-MULLER  REGION.,  (FROM  IEEE  STANDARDS  PUBLICATION 
160). 


Counter  Tube.  Self-Quenched  A radiation-counter  tube  in  which 

RE-IGNITION  OF  THE  DISCHARGE  IS  INHIBITED  BY  INTERNAL  PROCESSES. 

(From  IEEE  Standards  Publication  160). 


Counting  Efficiency  (Radiation  Counter  Tubes)  The  ratio  of  the 

NUMBER  OF  COUNTS  TO  THE  TOTAL  NUMBER  OF  IONIZING  PARTICLES  OR 
QUANTA  ENTERING  THE  SENSITIVE  VOLUME  WHEN  THE  COUNTING  RATE  IS 
SO  LOW  THAT  THE  DEAD  TIME  CORRECTION  IS  UNNECESSARY. 

CQUNJJ.NOAILY£R3.u.s.._Voxjage . .Chabactjeri.s.tj.c.S-  The  relation  between 

COUNTING  RATE  AND  VOLTAGE  APPLIED  TO  A RADIATION-COUNTER  TUBE  FOR 
CONSTANT  RADIATION  INTENSITY.  (FROM  IEEE  STANDARDS  PUBLICATION  160). 

Dead  Time  (Radition  Counters)  The  time  interval  after  the  start 

OF  AN  ESSENTIALLY  FULL  AMPLITUDE  PULSE,  DURING  WHICH  A RADIATION 
COUNTER  IS  INSENSITIVE  TO  FURTHER  IONIZING  EVENTS.  SEE  ALSO 

Recovery  Time. 


Efficiency  (Radiation  Counter  Tubes)  The  probability  that 
a tube  count  will  take  place  with  a specified  particle  or 

QUANTUM  INCIDENT  IN  A SPECIFIED  MANNER,  (FROM  IEEE  STANDARDS 

Publication  160,) 

Gas  Amplification  (Radiation  Counter  Tubes)  See  Gas  Multiplication 
Factor. 

Gas  Multiplication  Factor  (Radiation  Counter  Tubes)  The  ratio  of 

1 THE  CHARGE  COLLECTED  FROM  THE  SENSITIVE  VOLUME  TO  2 THE 
CHARGE  PRODUCED  IN  THIS  VOLUME  BY  THE  INITIAL  IONIZING  EVENT, 

Gfiger-Muller  Region  (Radiation  Counter  Tubes)  The  range 
of  applied  voltage  in  which  the  charge  collected  PER  isolated  count 
is  independent  of  the  charge  liberated  by  the  initial  ionizing 
event  (From  IEEE  Standards  Publication  160), 

Geiger-Muller  Threshold  (Radiation  Counter  Tubes)  The  lowest 
applied  voltage  at  which  the  charge  collected  per  isolated  tube  count 
is  substantially  independent  of  the  nature  of  the  initial  ionizing 
event  (From  IEEE  Standards  Publication  160). 

Half- Amplitude  Recovery  Time  (Geiger-Muller  Counters)  The  time 
interval  from  the  start  of  a full  amplitude  pulse  to  the  instant 
a succeeding  pulse  can  attain  an  amplitude  of  50  percent  of  the 

MAXIMUM  AMPLITUDE  OF  A FULL  AMPLITUDE  PULSE, 


(Radiation  Counter  Tubes)  An  ionizing 

EVENT  THAT  INITIATES  A TUBE  COUNT.  (FROM  IEEE  STANDARDS  PUBLICATION 
160)  . 


Multiple  Tube  Counts  (Radiation  Counter  Tubes)  Spurious  Counts 

INDUCED  BY  a PREVIOUS  TUBE  COUNTS.  (FROM  IEEE  STANDARDS  PUBLICATION 
160). 

Plateau  (Radiation  Counter  tubes)  The  portion  of  the  counting- 

RATE-VERSUS-VOLTAGE  CHARACTERISTIC  IN  WHICH  THE  COUNTING  RATE  IS 
SUBSTANTIALLY  INDEPENDENT  OF  THE  APPLIED  VOLTAGE. 

(From  IEEE  Standards  Publication  160). 

Platfau  Length  (Radiation  Counter  Tubes)  The  range  of  applied 

VOLTAGE  OVER  WHICH  THE  PLATEAU  EXTENDS.  (FROM  IEEE  STANDARDS 

Publication  160). 

Pi atfau  Slope  (Radiation  Counter  Tubes)  The  slope  of  the 

PLATEAU  EXPRESSED  AS  THE  PI  R Cl:  NT  AGE  CHANGE  IN  COUNT  RATE  PER 
100-VOLT  CHANGE  IN  APPLIED  VOLTAGE. 

Quenching  (Radiation  Counter  Tubes)  The  process  of  terminating 


a discharge  in  a radiation-counter  tube  by  inhibiting  re-ignition. 
(From  IEEE  Standards  Publication  160). 


Radiation  (Nuclear)  In  nuclear  work,  the  usual  meaning 

OF  RADIATION  IS  EXTENDED  TO  INCLUDE  MOVING  NUCLEAR  PARTICLES, 
CHARGED  OR  UNCHARGED,  (FROM  IEEE  STANDARDS  PUBLICATION  160). 
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(Geiger-Muller  Counters)  The  minimum  time  from 

THE  START  OF  a COUNTED  PULSE  TO  THE  INSTANT  A SUCCEEDING  PULSE 
CAN  ATTAIN  A SPECIFIED  PERCENTAGE  OF  THE  MAXIMUM  AMPLITUDE  OF  THE 
COUNTED  PULSE.  (FROM  IEEE  STANDARDS  PUBLICATION  160). 


(Radiation  Counter  Tubes)  The  generation  of  spurious 

BY  ATOMS  OR  MOLECULES  EXCITED  OR  IONIZED  !N  THE  DISCHARGE  ACCOMPANYING 
A COUNT. 
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Resolving  Time  (Radiation  Counters)  The  minimum  achievable 
pulse  spacing  between  counts.  (From  IEEE  Standards  Publication 
160). 

Note:  This  quantity  is  a property  of  the  combination  of  the  tube 
and  recording  circuit. 

Rise  Time  (Radiation  Counter  Tubes)  The  interval  between  the 
instants  at  which  the  instantaneous  value  first  reaches  specified 
lower  and  upper  limits,  namely,  10  AND  90  percent  of  the  peak 

PULSE  VALUE. 

Sensitive  Volume  (Radiation  Counter  Tubes)  That  portion  of 

THE  TUBE  RESPONDING  TO  SPECIFIC  RADIATION.  (FROM  IEEE  STANDARDS 

Publication  160). 
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Vacuum  Deposition  A material  is  vaporized  in  a vacuum 

THEN  COOLED  ONTO  A SUITABLE  SUBSTRATE. 


The  process  os  depositing  chrome 


BY  ELECTROLYSIS. 


Beta  radiation  is  reflected  from  a surface 


TO  BE  MEASURED,  DETECTED  AND  TRANSMITTED  TO  A SUITABLE  ELECTRONIC 


SYSTEM. 


An  instrument  that  PROVIDES  quantitive  information 


CONCERNING  THE  COMPOSITION  OF  SPUTTERED  MATERIAL  BY  CONTINUOUSLY 


BOMBARDING  THE  SAMPLE  AND  SIMULTANEOUSLY  MONITORING  THE  SECONDARY 


ION  CURRENT  OF  A PRESELECTED  MASS. 


The  use  of  vaporized  cleaning  agents  to  remove 


GREASE  AND  OIL. 


A CHEMICAL  BATH  USED  TO  CLEAR  METAL  OF  SCALE. 


The  RATIO  OF  THE  MASS  OF  AN  OBJECT  TO  ITS  VOLUME. 


The  process  of  reverse  electroplating. 


Reverse  Bending  The  process  of  repeatedly  bending  a specimen 
THROUGH  AN  ANGLE  OF  180° 


0.  Using  a punch  or  press  repeatedly  to  attempt  fracturing 


a plated  substrate. 


g The  process  of  cutting,  potting  and  polishing  a substrate 


for  microphotography. 
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Spurious  Count  (Radiation  Counter  Tubes)  A count  caused  by 

AN  EVENT  OTHER  THAN  THE  PASSAGE  INTO  OR  THROUGH  THE  COUNTER 
TUBE  OF  THE  IONIZING  RADI  AT  1 0“  TO  WHICH  IT  IS  SENSITIVE, 


Tube  Count  (Radiation  Counter  Tubes)  A terminated  discharge 

PRODUCED  BY  AN  IONIZING  EVENT.  (FROM  IEEE  STANDARDS  PUBLICATION 

160.) 
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